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Our understanding of cell physiology and signaling is hampered
by the intricate, often subtle, changes in cell phenotypes. Com-
plex cell functions are di⁄cult to study with the commonly used
reporter constructs and immunological techniques designed to
examine individual pathways. These studies generally show two
types of ‘‘read-out’’ for the activation of a signaling pathway: (i)
a phenotypic change, such as altered motility or anchorage-inde-
pendent growth, or (ii) activation or induction of a speci¢c RNA
or protein or small number of RNAs or proteins. However, phe-
notype changes are not easily quanti¢ed, and the relationship be-
tween the phenotype and the targeted signaling pathway is not
usually obvious. The choice of protein(s) or RNA(s) for analysis
cannot help but be biased by the prevailing signaling model and
availability of vectors or antibodies. In order to better understand
cells on a systems level, broader, unbiased methods of assaying
molecular changes are required.
Fortunately, the success of the human genome project o¡ers
new opportunities for molecular diagnosis of global changes in
diseased, stressed, or genetically manipulated tissues or cells. The
most widely used global method is gene array chip analysis
(Bertucci et al, 2003). However, changes in absolute or rel-
ative amounts of mRNA often cannot predict protein expression
levels, and mRNA screening provides no information about
changes in protein post-translational modi¢cations, a key mech-
anism of regulation in signal transduction pathways. Potentially
more useful is directly studying the protein complement of the
cells, referred to as ‘‘proteome’’ analysis (Shevchenko et al, 1996).
The mushrooming interest in proteomics is re£ected in the ap-
pearance of new journals that publish only proteomics studies, as
well as focus issues in journals targeting a broader audience (for
example, the March 2003 issue of Nature Biotechnology). Because of
the relative size and protein concentration range of the proteomes
of prokaryotes and eukaryotes, the current technology provides
the most complete pro¢les for bacterial systems (Smith et al, 2002).
There are three general approaches to pro¢ling; the newest of
these involves digestion of the proteins in a complex sample (i.e.,
an extract of tissue cultured cells), followed by analysis of the
peptides using multidimensional chromatography, eluting the
peptides into a mass spectrometer capable of sequencing them
(Washburn et al, 2001). Identi¢cation of one or more peptides
unique to a protein provides evidence for expression of that pro-
tein. A second approach is still under development, and involves
using an array approach; for example, using antibodies to speci¢c
proteins bound to a membrane (Wingren et al, 2003). The third,
and most commonly used, method of surveying global protein
expression is two-dimensional gel electrophoresis (2D PAGE).
Although 2D-PAGE proteomics analyses were ¢rst carried out
28 years ago (O’Farrell, 1975), renewed interest is fuelled by sev-
eral recent advances. Most important is the availability of public
genome and protein databases, and the development of high
sensitivity, easy-to-use mass spectrometers and database search
engines capable of exploiting these databases (Aebersold and
Mann, 2003). Other important advances include improved 2D-
PAGE methods (particularly preformed pH gradient stripes that
are rehydrated with the sample), computer programs for analysis
of the 2D-PAGE gel images, protocols for proteolytic digestion
of proteins in excised gel pieces, and automated methods for
handling small sample volumes.
In this issue, Huang et al (p. 51) use 2D PAGE proteomic analysis
of murine skin extracts to develop a basic understanding of the
epidermal proteome as an underpinning for studies on response
to environmental toxins and stressors. Because 2D-PAGE only
surveys the high abundance soluble proteins in a restricted pI
and size range, this study detected only a few hundred proteins.
However, these major proteins will re£ect the signaling status
of a cell, because altered expression and/or post-translational
modi¢cation of these proteins are the primary expression of
altered phenotypes, and these events are regulated by signaling-
dependent transcriptional activation, mRNA stability, and/or
modifying enzymes (for example, Lewis et al, 2001). Despite the
limitations, 2D-PAGE can distinguish subtle changes in the phe-
notype of cells, providing the basis for future studies in regulation
of the phenotype. In the Huang et al (2003) study, proteins in-
volved in stress response, apoptosis, growth inhibition, trans-
lational control, free-radical scavenging, calcium binding, energy
metabolism and cholesterol transport were detected. By compar-
ing the skin proteomes from stressed animals with that of con-
trols, they were able to show that the expected changes in heat
shock proteins could be detected. Although simple in concept, ex-
periments such as this are important in validating that the method
can detect biologically important changes.
Another important aspect of a proteomics study is the discus-
sion of these major proteins in the context of the cell phenotype.
Enumeration of the proteins that are highly expressed in a given
cell always produces a number of unexpected proteins, requiring
a shift in the mental picture one holds of cell physiology. For ex-
ample, keratin and other cytoskeletal proteins were identi¢ed, as
expected; more interesting is the observation of several antioxi-
dant enzymes among the abundant proteins. The functional
‘‘clustering’’of these proteins suggests an unusual emphasis of that
function in the speci¢c cell type. In this case, it is not surprising
that enzymes involved in response to oxidative stress are present,
but the fact that their abundance is so high alters our view of this
function in keratinocytes.
This illustrates the shift in thinking that is vital in developing a
systems approach to skin biology. Much of the focus in biomedi-
cal research is on identifying the molecular defect that underlies a
speci¢c disease or disease state. In many genetic diseases, such as
hemophilia or juvenile diabetes, this has proven exceedingly suc-
cessful, both in terms of de¢ning the disease, and providing a
method of treatment. However, proteomics studies show that
the search for single targets for more complex responses is absurd.
Also, in our excitement to apply these methods, we need to
remember that this is a door that has opened only slightly. The
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extension of proteomics analysis into the murine system is an im-
portant ¢rst step in exploiting the recent advances in sequencing
that genome, and provides a useful tool to study transgenic mice.
From this beginning, it will be interesting to see how environ-
mental toxins impact the system. It also is important to remem-
ber that skin is a complex tissue, and new methods of separating
cells in amounts su⁄cient to delineate each phenotype will be
necessary, as well as methods for integrating the information. It
may be fortunate that proteomics is only able to detect a small
portion of the total proteome at this point in time, for that will
allow time for development of informatics methods for that inte-
gration, before the tsunami of proteomics data arrives.
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